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1. 

POWER SUPPLY INTEGRATED CIRCUIT 
WITH FEEDBACK CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

This patent application is a continuation of U.S. patent 
application Ser. No. 1 1/158,141 titled “POWER SUPPLY 
INTEGRATED CIRCUIT WITH FEEDBACKCONTROL 
filed on Jun. 21, 2005, now U.S. Pat. No. 7,581,122, which 
makes reference to, claims priority to and claims benefit from 
U.S. provisional patent application Ser. No. 60/584,088, filed 
Jun. 29, 2004, and titled “POWER SUPPLY INTEGRATED 
CIRCUIT WITH FEEDBACK CONTROL, the contents of 
which are hereby incorporated herein by reference in their 
entirety. 

FEDERALLY SPONSORED RESEARCHOR 
DEVELOPMENT 

Not Applicable 

SEQUENCE LISTING 

Not Applicable 

MICROFICHEACOPYRIGHT REFERENCE 

Not Applicable 

BACKGROUND OF THE INVENTION 

Different electrical circuits and/or devices may be 
designed to operate using electrical power having a variety of 
characteristics. Even electrical circuits and/or devices 
designed to receive electrical power at an identical Voltage 
level may have different power supply needs. For example, 
Some circuits or devices may operate well over a larger Volt 
age range than others. Also for example, some circuits or 
devices may operate better under noisy conditions than other 
circuits. Even a particular electrical circuit or device may 
utilize electrical power differently and have different power 
needs at various points in time. For example, the amount of 
electrical energy consumed in a circuit or device may vary in 
accordance with varying utilization of various circuit compo 
nents or sub-components. 

Characteristics of electrical power supplied to electrical 
circuits, or components thereof may vary over time. For 
example, the power Supply providing the electrical power 
may exhibit inconsistent behavior. Further for example, the 
consumption of energy by one or more circuit components 
may affect characteristics of electrical power provided to 
other components. For example an increased utilization of 
current by a first electrical component may resultina Voltage 
and/or current decrease to a second electrical device. 

Because of varying power Supply needs (e.g., between 
circuits and during operation) and varying power Supply char 
acteristics, electrical circuits or components thereofare often 
forced to operate with power Supply characteristics that are 
less than desirable. 

Further limitations and disadvantages of conventional and 
traditional approaches will become apparent to one of skill in 
the art, through comparison of such systems with the present 
invention as set forth in the remainder of the present applica 
tion with reference to the drawings. 
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2 
BRIEF SUMMARY OF THE INVENTION 

Various aspects of the present invention provide a system 
and method for providing power control in a power manage 
ment integrated circuit, Substantially as shown in and/or 
described in connection with at least one of the figures, as set 
forth more completely in the claims. These and other advan 
tages, aspects and novel features of the present invention, as 
well as details of illustrative aspects thereof, will be more 
fully understood from the following description and draw 
1ngS. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

FIG. 1 shows a block diagram of a system comprising an 
exemplary power management integrated circuit utilizing 
received power Supply information, in accordance with vari 
ous aspects of the present invention. 

FIG. 2 shows a block diagram of a system comprising an 
exemplary power management integrated circuit utilizing 
received power Supply information, in accordance with vari 
ous aspects of the present invention. 

FIG.3 illustrates a flow diagram of a method for providing 
regulated signal(s) corresponding to electrical power(s) from 
a power management integrated circuit utilizing received 
power Supply information, in accordance with various 
aspects of the present invention. 

FIG. 4 illustrates a flow diagram of a method for providing 
regulated signal(s) corresponding to electrical power(s) from 
a power management integrated circuit utilizing power Sup 
ply information received from a plurality of sources, in accor 
dance with various aspects of the present invention. 

DETAILED DESCRUPTION OF THE INVENTION 

FIG. 1 shows a block diagram of a system 100 comprising 
an exemplary power management integrated circuit 110 uti 
lizing received power Supply information, in accordance with 
various aspects of the present invention. The power manage 
ment integrated circuit 110 may comprise any of a variety of 
general integrated circuit characteristics. The power manage 
ment integrated circuit 110 may also comprise various 
aspects of known power regulation or generation circuitry. 
The power management integrated circuit 110 may also com 
prise various aspects of circuitry that is not related to power 
regulation or generation. Accordingly, the scope of various 
aspects of the present invention should not be limited by 
characteristics of particular integrated circuitry, particular 
power regulation or generation circuitry, or particular cir 
cuitry that is not related to power regulation or generation. 
The following discussion may generally refer to one or 

more “modules” that perform various functions. It should be 
noted that a “module' may be implemented in hardware, 
software or a combination thereof. Further, portions of mod 
ules may be shared. For example, a first module may share 
various hardware and/or Software components with a second 
module. Accordingly, the scope of various aspects of the 
present invention should not be limited by characteristics of a 
specific implementation of a module or by arbitrary bound 
aries between modules. 
The exemplary power management integrated circuit 110 

may comprise a communication interface module 120. The 
communication interface module 120 may receive power 
supply information 107 from at least one electrical device 105 
external to the integrated circuit 110. Also, for example, the 
communication interface module 120 may receive power 
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supply information 109 from at least one electrical device 108 
internal to the integrated circuit 110. Though the following 
discussion will generally discuss an exemplary scenario 
including an electrical device external to the integrated circuit 
110, the scope of various aspects of the present invention 
should by no means be limited by such externality. 

Such power supply information 107 may, for example, 
comprise information related to a first electrical power. Such 
power Supply information 107 may, for example, also com 
prise information related to a second electrical power and/or 
nth electrical power. 
The external electrical device(s) 105 may, for example, 

receive and utilize the first electrical power. Alternatively, for 
example, the external electrical device(s) 105 may commu 
nicate power supply information 107 that originates at other 
electrical devices that utilize the first electrical power. Simi 
larly, in an exemplary scenario involving a second or nth 
electrical power, the external electrical device(s) 105 may, for 
example, receive and utilize the second or nth electrical 
power. Alternatively, in an exemplary scenario, the external 
electrical device(s) 105 may communicate power supply 
information 107 that originates at other electrical devices that 
utilize the second or nth electrical power. Further for 
example, the external electrical device(s) 105 may comprise 
one or more devices that monitor power Supply characteris 
tics. 

The external electrical device(s) 105 may comprise char 
acteristics of any of a large variety of electrical devices. For 
example and without limitation, the external electrical 
device(s) 105 may comprise characteristics of analog and/or 
digital circuitry. The external electrical device(s) 105 may, for 
example, comprise passive or active components. The exter 
nal electrical device(s) 105 may, for example, comprise an 
integrated circuit. Further for example, the external device(s) 
105 may comprise characteristics of processing circuitry, 
communication circuitry, control circuitry, user interface cir 
cuitry, etc. Accordingly, the scope of various aspects of the 
present invention should not be limited by characteristics of 
particular external electrical devices. 
The power supply information 107 received by the com 

munication interface module 120 may comprise characteris 
tics of any of a variety of power Supply information. For 
example and without limitation, the power Supply informa 
tion 107 may comprise information related to power supply 
Voltage level (e.g., Voltage level of power received by a device 
or desired voltage level for power received by a device). Also 
for example, the power supply information 107 may comprise 
information of any of a variety of characteristics of electrical 
power. Such characteristics may, for example and without 
limitation, comprise Voltage variability characteristics (e.g., 
ripple, noise, stability, Switching frequency, etc.), load 
response characteristics, various current-related power char 
acteristics, energy-efficiency characteristics, etc. Such power 
Supply information 107 may, for example, comprise absolute 
or relative values. Also, the power supply information 107 
may comprise general data communication information (e.g., 
Source and/or destination information). The Scope of various 
aspects of the present invention should not be limited by any 
particular power characteristics. 
The power supply information 107 may, for example, com 

prise analog and/or digital information. Accordingly, the 
communication interface module 120 may comprise analog 
and/or digital communication capability. In an exemplary 
scenario, the power Supply information 107 may comprise 
power Supply information of a single power Supply charac 
teristic (e.g., Voltage) represented by a Voltage level on a 
single wire. In another exemplary scenario, the power Supply 
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4 
information 107 may comprise multiplexed digital informa 
tion from a plurality of sources and concerning a plurality of 
power Supply characteristics of a plurality of electrical pow 
ers. Such multiplexed digital information may, for example, 
be communicated over any of a variety of digital communi 
cation bus types, including various serial or parallel bus archi 
tectures. 

Thus, the signal processing capability of the communica 
tion interface module 120 may vary, depending on circuit 
architecture. In one exemplary scenario, the communication 
interface module 120 may comprise no more than a conduit 
through which power Supply information may flow from an 
external device to a power regulator module or other module 
of the integrated circuit 110. In another exemplary scenario, 
the communication interface module 120 may comprise digi 
tal signal processing circuitry, which processes received digi 
tal power Supply information and directs at least a portion of 
Such digital power Supply information to an appropriate 
power regulator module or other module of the integrated 
circuit 110. 

In an exemplary scenario where the communication inter 
face module 120 may comprise digital communication capa 
bility, the communication interface module 120 may com 
prise capability to communicate digital information over 
various media and utilizing any of a variety of communication 
protocols. For example, the communication interface module 
120 may comprise the capability to communicate power Sup 
ply information over a conductor or over wireless or optical 
interfaces. Further for example, the communication interface 
module 120 may comprise capability to communicate power 
Supply information with external devices utilizing various 
contention-based (e.g., CSMA, CSMA/CD, ALOHA, etc.) or 
contention-free (e.g., various token or polling-based) com 
munication protocols. The communication interface module 
120 may, for example, comprise capability to communicate 
power Supply information synchronously or asynchronously. 

In general, the communication interface module 120 may 
communicate power Supply information utilizing any of a 
variety of communication media and any of a variety of 
communication protocols. Accordingly, the Scope of various 
aspects of the present invention should not be limited by 
characteristics of a particular communication media or pro 
tocol. 
The exemplary integrated circuit 110 may comprise a first 

power regulator module 130. The first power regulator mod 
ule 130 may, for example, receive at least a portion of the 
power supply information 107 received by the communica 
tion interface module 120, and process such power Supply 
information to determine a first regulated power signal 135, 
where the first regulated power signal 135 is based at least in 
part on the processed power Supply information. The first 
regulated power signal 135 may correspond to the first elec 
trical power to which the received power supply information 
107 is related. 
The first regulated power signal 135 may, for example, 

correspond to the first electrical power in any of a variety of 
manners, three non-exclusive examples of which are illustra 
tive in FIG. 2, which will be discussed later. For example and 
without limitation, the first regulated power signal 135 may 
comprise the first electrical power. In Such a scenario, the first 
power regulator module 130 might generate the first electrical 
power using only electrical components internal to the inte 
grated circuit 110 or might utilize electrical components (e.g., 
power supply circuitry) external to the integrated circuit 110. 
Also for example, the first regulated power signal 135 may 
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comprise a signal that interacts with power Supply circuitry 
external to the integrated circuit 110, which in turn generates 
the first electrical power. 

The first power regulator module 130 may comprise char 
acteristics of any of a variety of power regulator circuits. For 5 
example, the first power regulator module 130 may comprise 
characteristics of at least a front-end portion (if not a whole 
portion) of a linear Voltage regulator, a Switching regulator 
(e.g., a buck converter, boost converter, buck-boost converter, 
charge pump, etc.), or other types of known or yet to be 10 
developed regulator circuits. Accordingly, the scope of vari 
ous aspects of the present invention should not be limited by 
characteristics of a particular type of Voltage regulator circuit 
or portion thereof. 

In an exemplary scenario, as mentioned above, where the 15 
first power regulator module 130 interacts with circuitry 
external to the integrated circuit 110 to provide the first elec 
trical power, Such external circuitry may comprise electrical 
components in any of a variety of configurations. For example 
and without limitation, such electrical component configura- 20 
tions may comprise at least portions of a buck converter, boost 
converter, buck-boost converter, charge pump, or other types 
of known or yet to be developed power regulator circuits. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of particu- 25 
lar regulator circuit architectures. 
As mentioned previously, the first power regulator module 

130 may determine a first regulated power signal 135 based at 
least in part on a portion of the power supply information 107. 
wherein the first regulated power signal 135 corresponds to 30 
the first electrical power. The first power regulator module 
130 may make such a determination in any of a variety of 
manners, depending on the particular operating scenario. 

For example and without limitation, the first power regu 
lator module 130 may determine one or more characteristics 35 
of the first electrical power based, at least in part, on a portion 
of the power supply information 107. The first power regula 
tor module 130 may then determine the first regulated power 
signal 135 based on the determined characteristic(s). 

In a non-limiting exemplary scenario, the power Supply 40 
information 107 (e.g., as received by the communication 
interface module 120) may comprise information of a desired 
voltage level for the first electrical power. The first power 
regulator module 130 may receive information of the desired 
voltage level from the communication interface module 120 45 
and determine the first regulated power signal 135 based on 
Such information. For example, the first power regulator mod 
ule 130 may output a first regulated power signal 135 that 
comprises the first electrical power characterized by the 
desired voltage level (or other voltage level based on the 50 
desired Voltage level). Also for example, the first power regu 
lator module 130 may output the first regulated power signal 
135 that, when interacting with circuitry external to the inte 
grated circuit 110, causes the external circuitry to output the 
first electrical power characterized by the desired voltage 55 
level. 

In another non-limiting exemplary scenario, the power 
Supply information 107 may comprise information of maxi 
mum desired voltage variability. The first power regulator 
module 130 may receive information of the maximum desired 60 
Voltage variability from the communication interface module 
120 and determine the first regulated power signal 135 based 
on Such information. For example, the first power regulator 
module 130 may directly output a first regulated power signal 
135 that comprises the first electrical power characterized by 65 
the maximum desired voltage variability (or voltage variabil 
ity based on the maximum desired Voltage variability). Also 

6 
for example, the first power regulator module 130 may output 
the first regulated power signal 135 that, when interacting 
with circuitry external to the integrated circuit 110, causes the 
external circuitry to output the first electrical power charac 
terized by the maximum desired voltage variability. 

In yet another non-limiting exemplary scenario, the power 
Supply information 107 may comprise information of a mini 
mum energy-efficiency level. The first power regulator mod 
ule 130 may receive information of the minimum energy 
efficiency level from the communication interface module 
120 and determine the first regulated power signal 135 based 
on Such information. For example, the first power regulator 
module 130 may directly output a first regulated power signal 
135 that comprises the first electrical power characterized by 
the minimum energy-efficiency level (or energy-efficiency 
level based on the minimum energy-efficiency level). Also for 
example, the first power regulator module 130 may output the 
first regulated power signal 135 that, when interacting with 
circuitry external to the integrated circuit 110, causes the 
external circuitry to output the first electrical power charac 
terized by the minimum energy-efficiency level. 

In general, the first power regulator module 130 may deter 
mine a first regulated power signal 135 based at least in part 
on a portion of the power supply information 107, wherein the 
first regulated power signal 135 corresponds to the first elec 
trical power. Accordingly, the scope of various aspects of the 
present invention should not be limited by characteristics of 
any particular type of power Supply information or a particu 
lar manner of determining a regulated power signal based on 
Such information. 
The first power regulator module 130 may, for example, 

process power Supply information that is received (e.g., 
through the communication interface module 120) from a 
plurality of electrical devices external to the integrated circuit 
110. The first power regulator module 130 may, in various 
scenarios, process Such power Supply information to arbitrate 
between power supply needs of the plurality of electrical 
devices. 

Such arbitration may, for example and without limitation, 
comprise determining characteristics of the first electrical 
power (and thus, the corresponding first regulated power sig 
nal 135) based, at least in part, on respective priority of the 
plurality of electrical devices. For example, the first power 
regulator module 130 may determine characteristics of the 
first electrical power based solely on the electrical device with 
the highest priority. Alternatively for example, the first power 
regulator module 130 may determine characteristics of the 
first electrical power based on a priority-based weighted aver 
age of power supply needs of the electrical devices. Further 
for example, the first power regulator module 130 may deter 
mine characteristics of the first electrical power by averaging 
respective power Supply needs of the electrical devices. 

In general, the first power regulator module 130 may, in 
determining characteristics of the first electrical power (and 
thus, the corresponding first regulated power signal 135), may 
arbitrate between needs of a plurality of electrical devices. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of any 
particular manner of performing Such arbitration. 

After determining characteristics of the first regulated 
power signal 135, the first power regulator module 130 may 
generate and output the first regulated power signal 135 to at 
least one electrical device external to the power management 
integrated circuit 110. The external electrical device may 
comprise characteristics of any of a variety of electrical 
devices. 
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For example and without limitation, the first power regu 
lator module 130 may output the first regulated power signal 
135 to power supply circuitry. The first regulated power signal 
135 may, for example, cause Such power Supply circuitry to 
output the first electrical power having desired characteris 
tics. Such power supply circuitry will be discussed in more 
detailed in the discussion of FIG. 2. The power supply cir 
cuitry may then, for example, output the first electrical power 
to one or more electrical devices, some of which may provide 
power supply information 107 to the integrated circuit 110 
through the communication interface module 120. 

Also for example, the first power regulator module 130 
may output the first regulated power signal 135 directly to an 
external electrical device that, in turn, transmits power Supply 
information 107 to the integrated circuit 110. In an exemplary 
scenario, the first power regulator module 130 may output the 
first regulated power signal 135 (e.g., comprising the first 
electrical power) to a first electrical device external to the 
integrated circuit 110. The exemplary first electrical device 
may, in turn, communicate power Supply information 107 
(e.g., information of desired and/or received Voltage or vari 
ance level of the first electrical power) to the integrated circuit 
110 (e.g., through the communication interface module 120). 
The exemplary power management integrated circuit 110 

may also, for example, comprise a second power regulator 
module 140. The second power regulator module 140 may, 
for example and without limitation, share various character 
istics with the exemplary first power regulator module 130 
discussed previously. For example, the second power regula 
tor module 140 may determine a second regulated power 
signal 145 based at least in part on a portion of the power 
Supply information 107 (e.g., as received by the communica 
tion interface module 120), wherein the second regulated 
power signal 145 corresponds to second electrical power. The 
second power regulator module 140 may then output the 
second regulated power signal 145 to at least one electrical 
device external to the power management integrated circuit. 
The exemplary system 100 illustrated in FIG. 1 and dis 

cussed previously was presented to provide specific illustra 
tions of generally broader aspects of the present invention. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of the 
exemplary system 100. 

FIG. 2 shows a block diagram of a system 200 comprising 
an exemplary power management integrated circuit 210 uti 
lizing received power Supply information, in accordance with 
various aspects of the present invention. The exemplary sys 
tem 200 may, for example and without limitation, share vari 
ous characteristics with the exemplary system 100 illustrated 
in FIG. 1 and discussed previously. 
The exemplary power management integrated circuit 210 

may comprise a communication interface module 220. The 
exemplary communication interface module 220 may, for 
example and without limitation, share various characteristics 
with the exemplary communication interface module 120 
illustrated in FIG. 1 and discussed previously. For example, 
the communication interface module 220 may receive power 
supply information 207 from at least one electrical device 205 
external to the integrated circuit 210. As discussed previously 
with regard to the exemplary system 100 illustrated in FIG. 1, 
the communication interface module 220 may also, for 
example, receive power Supply information from at least one 
electrical device internal to the integrated circuit 210. Though 
such an internal electrical device is not illustrated in FIG. 2 
and the following discussion will generally discuss an exem 
plary scenario including an electrical device external to the 
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8 
integrated circuit 210, the scope of various aspects of the 
present invention should by no means be limited by such 
externality 

Such power Supply information may, for example, com 
prise information related to a first electrical power. Such 
power Supply information may, for example, also comprise 
information related to a second electrical power and/or nth 
electrical power. The electrical device(s) 205 may also, for 
example and without limitation, share various characteristics 
with the exemplary electrical device(s) 105 illustrated in FIG. 
1 and discussed previously. 
The exemplary integrated circuit 210 may also comprise 

one or more regulator control modules 225 that process at 
least a portion 221 of the power supply information 207 
received by the communication interface module 220 and 
generates regulator control signals 226-228. The regulator 
control module(s) 225 may, for example, generate the regu 
lator control signals 226-228 based, at least in part, on at least 
a portion 221 of the power supply information 207. 

In the exemplary system 100 illustrated in FIG. 1 and 
discussed previously, the individual power regulator modules 
130, 140 processed at least a portion of the power supply 
information to determine and/or generate respective regu 
lated power signals 135, 145. In the exemplary system 200 
illustrated in FIG. 2, at least a portion of Such processing is 
performed by the regulator control module(s) 225. For 
example, the one or more regulator control module(s) 225 
may be at least partially integrated (e.g., in hardware and/or 
Software), which may foster a more centralized approach for 
determining the plurality of regulator control signals 226-228 
than the more distributed approach exemplified by the system 
100 illustrated in FIG. 1. 
The regulator control signals 226-228 may control various 

operational aspects of respective power regulator modules 
230, 240, 250. The regulator control signals 226-228 may 
comprise characteristics of any of a variety of control signals. 
For example and without limitation, the regulator control 
signals 226-228 may comprise information of various power 
Supply goals, which the respective power regulator modules 
230, 240,250 are to meet. For example, the regulator control 
signals 226-228 may comprise target Voltage and/or current 
level information. Also for example, the regulator control 
signals 226-228 may comprise information of target power 
supply variability limits and/or noise limits. Further for 
example, the regulator control signals 226-228 may comprise 
information of load response goals that the power regulator 
modules 230, 240, 250 are to meet. 

Also for example, the regulator control signals 226-228 
may comprise information controlling various specific opera 
tional aspects of respective power regulator modules 230, 
240,250. For example, the regulator control signals 226-228 
may comprise information for directly controlling Switching 
behavior (e.g., duty cycle, Switching frequency, etc.) in the 
respective power regulator modules 230,240,250. In general, 
the regulator control signals 226-228 may control various 
operational aspects of respective power regulator modules 
230, 240,250. Accordingly, the scope of various aspects of 
the present invention should not be limited by characteristics 
of particular regulator control signals and/or information. 
As indicated previously, the exemplary integrated circuit 

210 may comprise first, second and third power regulator 
modules 230, 240, 250. The power regulator modules 230, 
240, 250 may, for example and without limitation, share 
various characteristics with the exemplary power regulator 
modules 130, 140 illustrated in FIG. 1 and discussed previ 
ously. 
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For example, the first regulator module 230 may receive 
the first regulator control signal 226 from the regulator con 
trol module(s) 225. The first power regulator module 230 may 
then, for example, determine a first regulated power signal 
235 based at least in part on the first regulator control signal 
226, where the first regulated power signal 235 corresponds to 
first electrical power (e.g., the first electrical power to which 
at least a portion of the received power Supply information is 
related). 
As mentioned previously, the first regulated power signal 

235 may correspond to the first electrical power in any of a 
variety of manners. In the exemplary system 200 illustrated in 
FIG. 2, the first regulated power signal 235 comprises the first 
electrical power. The first power regulator module 230 might, 
for example, generate the first regulated power signal 235 
(comprising the first electrical power) utilizing only circuitry 
internal to the integrated circuit 210. 
The second power regulator module 240 may, for example, 

receive the second regulator control signal 227 from the regu 
lator control module(s) 225. The second power regulator 
module 240 may then, for example, determine a second regu 
lated power signal 245 based at least in part on the second 
regulator control signal 227, where the second regulated 
power signal 245 corresponds to second electrical power 
(e.g., second electrical power to which at least a portion of the 
received power Supply information is related). 
As mentioned previously, the second regulated power sig 

nal 245 may correspond to the second electrical power in any 
of a variety of manners. In the exemplary system 200 illus 
trated in FIG. 2, the second regulated power signal 245 com 
prises the second electrical power. The second power regula 
tor module 240 may, for example, generate the second 
regulated power signal 245 (comprising the second electrical 
power) in conjunction with power Supply circuitry 246 exter 
nal to the integrated circuit 210. In a non-limiting exemplary 
scenario. Such external power Supply circuitry 246 may com 
prise various Switching power Supply circuitry (e.g., electri 
cal components in a boost converter configuration). 
The third power regulator module 250 may, for example, 

receive the third regulator control signal 228 from the regu 
lator control module(s) 225. The third power regulator mod 
ule 250 may then, for example, determine a third regulated 
power signal 255 based at least in part on the third regulator 
control signal 228, where the third regulated power signal255 
corresponds to third electrical power (e.g., third electrical 
power to which at least a portion of the received power supply 
information is related). 
As mentioned previously, the third regulated power signal 

255 may correspond to the third electrical power in any of a 
variety of manners. In the exemplary system 200 illustrated in 
FIG. 2, the third regulated power signal 255 comprises one or 
more signals or Sub-signals that cause power Supply circuitry 
256 external to the integrated circuit 210 to output the third 
electrical power 257. In a non-limiting exemplary scenario, 
Such external power Supply circuitry 256 may comprise vari 
ous Switching power Supply circuitry (e.g., electrical compo 
nents in a buck converter configuration). 
The exemplary system 200 illustrated in FIG. 2 and dis 

cussed previously was presented to provide specific illustra 
tions of generally broader aspects of the present invention. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of the 
exemplary system 200. 

FIG. 3 illustrates a flow diagram of a method 300 for 
providing regulated signal(s) corresponding to electrical 
power(s) from a power management integrated circuit utiliz 
ing received power Supply information, in accordance with 
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10 
various aspects of the present invention. The exemplary 
method 300 may, for example and without limitation, share 
various characteristics with the functionality discussed pre 
viously with regard to the exemplary systems 100, 200 illus 
trated in FIGS. 1-2 and discussed previously. 
The exemplary method 300 may begin at step 310. The 

method 300 (and other methods discussed herein) may begin 
for any of a variety of reasons. For example and without 
limitation, the method 300 may begin automatically in 
response to a power-up or reset condition. Also for example, 
the method 300 may begin in response to a command, either 
from a user or from a system component. Furtherfor example, 
the method 300 may execute periodically or in response to a 
detected system or environmental condition. Accordingly, the 
Scope of various aspects of the present invention should not be 
limited by characteristics of any particular initiating cause or 
condition. 
The exemplary method 300 may, at step 320, comprise 

determining initial characteristics of first electrical power. 
Step 320 may comprise determining such characteristics in 
any of variety of manners. For example and without limita 
tion, step 320 may comprise determining Such initial charac 
teristics by utilizing default characteristics or utilizing stored 
information of previous characteristics. 

Step 320 may also, for example, comprise determining 
initial characteristics of a first regulated power signal that 
corresponds to first electrical power. Such correspondence 
was generally discussed previously in the discussion of FIG. 
1. For example and without limitation, step 320 may comprise 
determining Such initial characteristics by utilizing default 
characteristics or utilizing stored information of previous 
characteristics. 

In general, step 320 may comprise determining initial char 
acteristics of first electrical power and/or initial characteris 
tics of a corresponding first regulated power signal. Accord 
ingly, the scope of various aspects of the present invention 
should not be limited by a particular manner of determining 
initial characteristics of electrical power or corresponding 
signals. 
The exemplary method 300 may, at step 330, comprise 

outputting the first regulated power signal (e.g., as deter 
mined at step 320 or step 350, to be discussed later) to at least 
one electrical device external (or internal) to the integrated 
circuit. Step 330 may, for example and without limitation, 
share various functional characteristics with the exemplary 
power regulator modules 130, 140, 230, 240, 250 discussed 
previously with regard to FIGS. 1-2. Though the following 
discussion generally refers to an electrical device external to 
the integrated circuit, the scope of various aspects of the 
present invention should by no means be limited by such 
externality. For example and without limitation, the electrical 
device may, in accordance with various aspects of the present 
invention, be internal to the integrated circuit. 

For example, step 330 may comprise outputting the first 
regulated power signal to power Supply circuitry external to 
the integrated circuit. Such power Supply circuitry may, for 
example, provide the first electrical power to at least one 
electrical device (e.g., an electrical device that might provide 
power supply information, as received at step 340, to be 
discussed later). Also for example, step 330 may comprise 
outputting the first regulated power signal directly to at least 
one electrical device (e.g., an electrical device that might 
provide power supply information, as received at step 340, to 
be discussed later). 

In general, step 330 may comprise outputting the first 
regulated power signal to at least one electrical device exter 
nal to the power management integrated circuit. Accordingly, 



US 8,868,935 B2 
11 

the scope of various aspects of the present invention should 
not be limited by characteristics of a particular regulated 
power signal or particular electrical device(s) external to the 
integrated circuit. 
The exemplary method 300 may, at step 340, comprise 

receiving power Supply information from one or more elec 
trical devices external to the power management integrated 
circuit. The power Supply information may, for example, 
comprise information related to a first electrical power. Step 
340 may, for example and without limitation, share various 
functional characteristics with the exemplary communication 
interface modules 120, 220 illustrated in FIGS. 1-2 and dis 
cussed previously. 

For example, the power Supply information may comprise 
information related to various characteristics of electrical 
power. Such characteristics may, for example and without 
limitation, comprise Voltage and/or current level, Voltage and/ 
or current variability, noise, ripple, load response character 
istics, energy efficiency level, etc. The power Supply infor 
mation may, for example, comprise analog and/or digital 
information. 

Step 340 may, for example, comprise receiving the power 
Supply information in any of a variety of manners. For 
example, step 340 may comprise receiving the power Supply 
information over an analog or digital communication link. 
The communication link may, for example, be serial or par 
allel. The communication link may, for example, comprise a 
dedicated information bus or a shared information bus. Step 
340 may, for example, comprise receiving the power Supply 
information utilizing any of a large variety of communication 
media and/or communication protocols. 

Step 340 may comprise receiving the power supply infor 
mation from any of a variety of devices external to the power 
management integrated circuit. For example, step 340 may 
comprise receiving the power Supply information from at 
least one electrical device that receives and utilizes the first 
electrical power (e.g., corresponding to the regulated power 
signal output at step 330). Also for example, step 340 may 
comprise receiving the power Supply information from an 
electrical device monitoring operation of another device that 
receives and utilizes the first electrical power. Further for 
example, step 340 may comprise receiving the power Supply 
information from an electrical device that is communicatively 
coupled to an electrical device that receives and utilizes the 
first electrical power. Still further for example, step 340 may 
comprise receiving the power Supply information from an 
electrical device associated with the production of the first 
electrical power. Accordingly, the scope of various aspects of 
the present invention should not be limited by characteristics 
of a particular device that step 340 might receive power 
Supply information from. 
The exemplary method 300 may, at step 350, comprise 

determining a first regulated power signal based, at least in 
part, on a portion of the power Supply information (e.g. as 
received at step 340). The first regulated power signal may, for 
example, correspond to the first electrical power. Step 350 
may, for example and without limitation, share various func 
tional characteristics with the power regulator modules 130, 
140, 230, 240, 250 and the regulator control module 225 
illustrated in FIGS. 1-2 and discussed previously. 

For example, the first regulated power signal may comprise 
the first electrical power. In such a scenario, step 350 might 
comprise generating the first electrical power using only elec 
trical components internal to the integrated circuit or utilizing 
electrical components (e.g., power Supply circuitry) external 
to the integrated circuit. Also for example, the first regulated 
power signal may comprise a signal that interacts with power 
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Supply circuitry external to the integrated circuit, which in 
turn generates the first electrical power. 

Step 350 might comprise utilizing any of a variety of power 
regulator circuitry. For example, step 350 might comprise 
utilizing circuitry comprising characteristics of at least a 
front-end portion (if not a whole portion) of a linear Voltage 
regulator, a Switching regulator (e.g., a buck converter, boost 
converter, buck-boost converter, charge pump, etc.), or other 
types of known or yet to be developed regulator circuits. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of particu 
lar type of circuitry that step 350 might utilize. 

In an exemplary scenario where the first regulated power 
signal (e.g., as output by step 330) interacts with circuitry 
external to the integrated circuit to provide the first electrical 
power, Such external circuitry may comprise electrical com 
ponents in any of a variety of configurations. For example and 
without limitation, such electrical component configurations 
may comprise at least portions of a buck converter, boost 
converter, buck-boost converter, charge pump, or other types 
of known or yet to be developed power regulator circuits. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of particu 
lar power Supply or power regulator circuitry architectures. 
As mentioned previously, step 350 may comprise deter 

mining a first regulated power signal based at least in part on 
a portion of the power supply information, where the first 
regulated power signal corresponds to the first electrical 
power. Step 350 may comprise making Such a determination 
in any of a variety of manners, depending on the particular 
operating scenario. 

For example and without limitation, step 350 may com 
prise determining one or more characteristics of the first 
electrical power based, at least in part, on a portion of the 
power supply information. Step 350 may then, for example, 
comprise determining the first regulated power signal based 
on the determined characteristic(s). 

In a non-limiting exemplary scenario, the power Supply 
information (e.g., as received at step 340) may comprise 
information of a desired voltage level for the first electrical 
power. 

Step 350 may, for example, comprise determining the first 
regulated power signal based on Such information. For 
example, step 350 may comprise directly outputting a first 
regulated power signal that comprises the first electrical 
power characterized by the desired voltage level (or other 
voltage level based on the desired voltage level). Also for 
example, step 350 may comprise outputting a first regulated 
power signal that, when interacting with circuitry external to 
the integrated circuit, causes the external circuitry to output 
the first electrical power characterized by the desired voltage 
level (or other voltage level based on the desired voltage 
level). 

In another non-limiting exemplary scenario, the power 
Supply information may comprise information of maximum 
desired voltage variability. Step 350 may, for example, com 
prise determining the first regulated power signal based on 
such information. For example, step 350 may comprise 
directly outputting a first regulated power signal that com 
prises the first electrical power characterized by the maxi 
mum desired voltage variability (or voltage variability based 
on the maximum desired voltage variability). Also for 
example, step 350 may comprise outputting a first regulated 
power signal that, when interacting with circuitry external to 
the integrated circuit, causes the external circuitry to output 
the first electrical power characterized by the maximum 
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desired voltage variability (or voltage variability based on the 
maximum desired Voltage variability). 

In yet another non-limiting exemplary scenario, the power 
Supply information may comprise information of a minimum 
energy-efficiency level. Step 350 may comprise determining 
the first regulated power signal based on Such information. 
For example, step 350 may comprise directly outputting a 
first regulated power signal that comprises the first electrical 
power characterized by the minimum energy-efficiency level 
(or energy-efficiency level based on the minimum energy 
efficiency level). Also for example, step 350 may comprise 
outputting a first regulated power signal that, when interact 
ing with circuitry external to the integrated circuit, causes the 
external circuitry to output the first electrical power charac 
terized by the minimum energy-efficiency level (or energy 
efficiency level based on the minimum energy-efficiency 
level). 

In general, step 350 may comprise determining a first regu 
lated power signal based at least in part on a portion of the 
power Supply information, wherein the first regulated power 
signal corresponds to the first electrical power. Accordingly, 
the scope of various aspects of the present invention should 
not be limited by characteristics of any particular type of 
power Supply information or a particular manner of determin 
ing a regulated power signal based on Such information. 

After step 350, the execution flow of the exemplary method 
300 may flow back up to step 330, which may output the first 
regulated power signal as determined by step 350. Such flow 
is merely exemplary and should by no means limit the scope 
of various aspects of the present invention. 
The previous discussion of the exemplary method 300 

discussed determining and outputting a single first regulated 
power signal. A single regulated power signal was discussed 
for illustrative purposes only and should not limit the scope of 
various aspects of the present invention. For example, the 
method 300 is readily extensible to determining and output 
ting a plurality of regulated power signals, which may, for 
example, correspond to a plurality of respective electrical 
powers or may correspond to a common electrical power. 

For example, the power Supply information received at Step 
340 may comprise information related to a second electrical 
power. Step 350 may then, for example, comprise determin 
ing a second regulated power signal based at least in part on a 
portion of the power Supply information, where the second 
regulated power signal corresponds to the second electrical 
power. The exemplary method 300 may similarly, for 
example, extend to receiving power Supply information 
related to n electrical powers, and determining and outputting 
one or more regulated power signals corresponding to the n 
electrical powers. Accordingly, the scope of various aspects 
of the present invention should not be limited by the determi 
nation and generation of a single regulated power signal. 
The exemplary method 300 illustrated in FIG. 3 and dis 

cussed previously was presented to provide specific illustra 
tions of generally broader aspects of the present invention. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of the 
exemplary method 300. 

FIG. 4 illustrates a flow diagram of a method 400 for 
providing regulated signal(s) corresponding to electrical 
power(s) from a power management integrated circuit utiliz 
ing power Supply information received from a plurality of 
Sources, in accordance with various aspects of the present 
invention. The method 400 may, for example and without 
limitation, share various functional characteristics with the 
exemplary systems 100, 200 illustrated in FIGS. 1-2 and 
discussed previously. The method 400 may also, for example 
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14 
and without limitation, share various characteristics with the 
exemplary method 300 illustrated in FIG. 3 and discussed 
previously. 
As mentioned previously, various aspects of the present 

invention may receive and process power Supply information 
from a plurality of sources. The exemplary method 400 pro 
vides a non-limiting exemplary illustration of Such receipt 
and processing. The method 400, or various portions thereof, 
may for example, be executed in conjunction with the exem 
plary method 300 illustrated in FIG. 3. Alternatively for 
example, the method 400 may be executed independently. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of method 
independence or interrelationship with other methods. 
The exemplary method 400 may, at step 420, comprise 

receiving power Supply information from a first electrical 
device external (or internal) to the integrated circuit, where 
the power Supply information comprises information related 
to a first electrical power. Similarly, the exemplary method 
400 may, at step 430, comprise receiving power supply infor 
mation from a second electrical device external to the inte 
grated circuit, where the power Supply information comprises 
information related to the first electrical power. Steps 420 and 
430 may, for example and without limitation, share various 
characteristics with step 340 of the exemplary method 300 
illustrated in FIG.3 and discussed previously. Also, steps 420 
and 430 may share various functional characteristics with the 
communication interface modules 120, 200 illustrated in 
FIGS. 1-2 and discussed previously. Note that though the 
present discussion will focus on receiving and processing 
power Supply information from first and second external 
devices, the discussion is readily extensible to an n-device 
scenario and/or a scenario including one or more electrical 
devices internal to the integrated circuit. 
The exemplary method 400 may, at step 440, comprise 

determining a first regulated power signal based at least in 
part on a portion of the power Supply information, where the 
first regulated power signal corresponds to the first electrical 
power. Step 440 may, for example and without limitation, 
share various characteristics with step 350 of the exemplary 
method 300 illustrated in FIG.3 and discussed previously. 

For example, Step 440 may comprise first processing the 
power Supply information to determine one or more charac 
teristics of the first electrical power. Step 440 may then, for 
example, output the first regulated power signal comprising 
the first electrical power having the determined 
characteristic(s). Alternatively for example, step 440 may 
determine characteristics of the first regulated power signal, 
which when output, will cause other circuitry to output the 
first electrical power having the determined characteristic(s). 
As mentioned previously with regard to a portion of the 

functionality of the exemplary systems 100, 200, step 440 
may comprise arbitrating between power Supply needs of the 
first and second (or n) devices from which the power supply 
information was received. Such arbitration may, for example 
and without limitation, comprise determining characteristics 
of the first electrical power (and thus, the corresponding first 
regulated power signal) based, at least in part, on priority of 
the electrical devices. For example, step 440 may comprise 
determining characteristics of the first electrical power based 
solely on the electrical device with the highest priority. Alter 
natively for example, step 440 may comprise determining 
characteristics of the first electrical power based on a priority 
based weighted average of power Supply needs of the electri 
cal devices. Further for example, step 440 may comprise 
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determining characteristics of the first electrical power by 
averaging respective power Supply needs of the electrical 
devices. 

In general, exemplary step 440 may, in determining char 
acteristics of the first electrical power and/or characteristics 
of the corresponding first regulated power signal, may arbi 
trate between needs of a plurality of electrical devices. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of any 
particular manner of performing Such arbitration. 
The exemplary method 400 may, at step 450, comprise 

outputting the first regulated power signal to at least one 
electrical device external to the integrated circuit. Step 450 
may, for example and without limitation, share various char 
acteristics with step 330 of the exemplary method 300 illus 
trated in FIG.3 and discussed previously. 

After performing step 450, execution flow of the exem 
plary method 400 may flow to step 460 for performing con 
tinued processing. Such continued processing may comprise 
any of variety of continued processing characteristics, includ 
ing stopping, looping back to a previous method 400 step, 
entering a wait state, etc. Accordingly, the scope of various 
aspects of the present invention should not be limited by 
characteristics of any particular type of continued processing. 
The previous discussion of the exemplary method 400 

discussed determining and outputting a single first regulated 
power signal. A single regulated power signal was discussed 
for illustrative purposes only and should not limit the scope of 
various aspects of the present invention. For example, the 
method 400 is readily extensible to determining and output 
ting a plurality of regulated power signals, which may, for 
example, correspond to a plurality of respective electrical 
powers or may correspond to a common electrical power. 

For example, the power Supply information received at 
steps 420 and 430 may comprise information related to a 
second electrical power. Step 440 may then, for example, 
comprise determining a second regulated power signal based 
at least in part on a portion of the power Supply information, 
where the second regulated power signal corresponds to the 
second electrical power. The exemplary method 400 may 
similarly, for example, extend to receiving power Supply 
information related to n electrical powers, and determining 
and outputting one or more regulated power signals corre 
sponding to then electrical powers. Accordingly, the scope of 
various aspects of the present invention should not be limited 
by the determination and generation of a single regulated 
power signal. 
The exemplary method 400 illustrated in FIG. 4 and dis 

cussed previously was presented to provide specific illustra 
tions of generally broader aspects of the present invention. 
Accordingly, the scope of various aspects of the present 
invention should not be limited by characteristics of the 
exemplary system 400. 

It should be stressed that various aspects of the present 
invention may be performed by hardware, a processor execut 
ing Software instructions, or a combination thereof. Accord 
ingly, the scope of various aspects of the present invention 
should not be limited by characteristics of any particular 
implementation. 

In Summary, various aspects of the present invention pro 
vide a system and method for providing power control in a 
power management integrated circuit. While the invention 
has been described with reference to certain aspects and 
embodiments, it will be understood by those skilled in the art 
that various changes may be made and equivalents may be 
substituted without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
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particular situation or material to the teachings of the inven 
tion without departing from its scope. Therefore, it is intended 
that the invention not be limited to the particular embodiment 
disclosed, but that the invention will include all embodiments 
falling within the scope of the appended claims. 

What is claimed is: 
1. A power management integrated circuit comprising: 
a communication interface circuit configured to receive 

power Supply information from a powered device, 
wherein the power Supply information comprises a 
minimum energy-efficiency level; and 

a power regulator circuit configured to: 
determine a regulated power signal based on the power 

Supply information; and 
output the regulated power signal to the powered device. 
2. The integrated circuit of claim 1, wherein the power 

Supply information comprises information of Voltage level. 
3. The integrated circuit of claim 1, wherein the power 

Supply information comprises information of electrical cur 
rent. 

4. The integrated circuit of claim 3, wherein the informa 
tion of electrical current comprises information of electrical 
current level. 

5. The integrated circuit of claim 3, wherein the informa 
tion of electrical current comprises information of electrical 
current variability. 

6. The integrated circuit of claim 1, wherein the regulated 
power signal is configured to cause power Supply circuitry 
external to the integrated circuit to output electrical power. 

7. The integrated circuit of claim 1, wherein the powered 
device comprises power Supply circuitry. 

8. The integrated circuit of claim 1, wherein the integrated 
circuit is embedded in the powered device. 

9. The integrated circuit of claim 6, wherein the integrated 
circuit is external to the powered circuit. 

10. A method comprising: 
receiving at an integrated circuit, power Supply informa 

tion from a powered device external to the integrated 
circuit, wherein the power Supply information com 
prises a minimum energy-efficiency level; 

determining a regulated power signal based on the power 
Supply information; and 

outputting the regulated power signal to the powered 
device. 

11. The method of claim 10, wherein the power supply 
information comprises information of Voltage level. 

12. The method of claim 10, wherein the regulated power 
signal is configured to cause power Supply circuitry external 
to the integrated circuit to output electrical power. 

13. The method of claim 10, wherein the powered device 
comprises power Supply circuitry. 

14. The method of claim 10, wherein the integrated circuit 
is embedded in the powered device. 

15. The method of claim 12, wherein the integrated circuit 
is connected to the powered circuit. 

16. An integrated circuit configured to: 
receive power Supply information from a first circuit exter 

nal to the integrated circuit, wherein the power Supply 
information comprises a minimum energy-efficiency 
level; and 

determine a regulated power signal based on the minimum 
energy-efficiency level. 

17. The integrated circuit of claim 16, configured to output 
the regulated power signal to a second circuit external to the 
integrated circuit. 



US 8,868,935 B2 
17 

18. The integrated circuit of claim 16, wherein the power 
Supply information comprises information of Voltage vari 
ability. 

19. The integrated circuit of claim 1, wherein the power 
Supply information comprises information of Voltage vari 
ability. 

20. The integrated circuit of claim 19, wherein the infor 
mation of voltage variability comprises information of a Volt 
age variability limit. 

21. The method of claim 10, wherein the power supply 
information comprises information of Voltage variability and 
electrical current level. 

22. The method of claim 21, wherein the information of 
Voltage variability comprises information of a Voltage Vari 
ability limit. 

23. The integrated circuit of claim 18, wherein the power 
Supply information comprises information of Voltage vari 
ability limit. 

24. The integrated circuit of claim 16, wherein the first 
circuit comprises power Supply circuitry. 
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